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Abstract
The pylon structure of an airplane is very complex, and its high-fidelity analysis is quite time-consuming. If posterior preference
optimization algorithm is used to solve this problem, the huge time consumption will be unacceptable in engineering practice due to the 
large amount of evaluation needed for the algorithm. So, a new interactive optimization algorithm—interactive multi-objective particle
swarm optimization (IMOPSO) is presented. IMOPSO is efficient, simple and operable. The decision-maker can expediently determine
the accurate preference in IMOPSO. IMOPSO is used to perform the pylon structure optimization design of an airplane, and a satisfac-
tory design is achieved after only 12 generations of IMOPSO evolutions. Compared with original design, the maximum displacement of 
the satisfactory design is reduced, and the mass of the satisfactory design is decreased for 22%.  
Keywords: pylon structure; multi-objective optimization algorithm; interactive algorithm; multi-objective particle swarm optimization; 
neural network 
1 Introduction*
According to the requirements of the pylon 
structure of an airplane, the multi-objective optimal 
result under strength constraints is obtained. The 
objectives of this optimization design are minimiz-
ing the mass and the displacement. The high-fidelity 
structure analyses are performed with ANSYS finite 
element analysis software. Most of the frequently 
used multi-objective evolutionary optimization al-
gorithms belong in posterior preference optimiza-
tion algorithm[1] in which decision is made after all 
Pareto solutions are attained. One essential diffi-
culty for using posterior preference multi-objective 
evolutionary algorithm is the huge computing time 
due to the large amount of evaluation needed for 
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attaining all Pareto solutions. Especially for this 
pylon structure multi-objective optimization prob-
lem, posterior preference multi-objective evolution-
ary algorithm is too time-consuming to be adopted. 
Compared with posterior preference optimiza-
tion algorithm, the interactive multi-objective opti-
mization algorithm will be less time-consuming and 
more efficient, because it takes the designer prefer-
ence into account in the optimization process and 
converges at satisfactory solutions. Although inter-
active multi-objective optimization algorithms have 
many advantages, the existing interactive multi-ob-
jective optimization algorithms, such as the Geo- 
ffrion method, SWT[2] and so on, are limited in en-
gineering application for the complex procedures of 
these algorithms. 
Interactive multi-objective particle swarm op-
timization (IMOPSO) presented in this paper, is 
developed on the basis of ideal point method[3] and 
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multi-objective particle swarm optimization (MO- 
PSO)[2,4]. IMOPSO is not only retaining the excel-
lent capability of MOPSO, but simple and operable. 
The decision-maker can also expediently determine 
the accurate preference in IMOPSO. Therefore, 
IMOPSO will be able to converge at satisfactory 
solutions with less computing time. In this paper, 
IMOPSO is used to optimize the pylon structure. 
2 Multi-objective Optimization Model of 
Pylon Structure 
The pylon structure is composed of six vertical 
beams, three pairs of tension rods, three horizontal 
beams and one transitional beam, as shown in Fig.1. 
The pylon structure will be linked to the main beam 
of airplane by six vertical beams. The two loading 
points are located on the transitional beam. 
Fig.1  The pylon structure of the airplane. 
The design variables are the dimensions of the 
cross-section of ten components. They are three 
pairs of tension rods, three horizontal beams and 
one transitional beam. The objectives are minimiz-
ing the mass and displacement. The constraints are 
strength constraint and the limits of design vari-
ables.  
The pylon structure multi-objective optimiza-
tion model is given by  
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where f1 is the mass of pylon structure (kg), Lmax is 
the maximum displacement of pylon structure (mm),  
Vi and [Vi ] are stress and allowable stress of ith   
component, lowerjx and
upper
jx are lower and upper 
limit of design variable xj. The design variables are 
(x1, x2, ···, x18), in which (x1, x2, ···, x9) is section di-
mension of the transitional beam, as shown in Fig.2, 
(x10, x11, ···, x13) is section dimension of the middle 
I-shape beam of horizontal beam, (x14, x15) is section 
dimension of the terminal I-shape beam of horizon-
tal beam, as shown in Fig.3, (x16, x17, x18) is section 
areas of the three pairs of tension rod. 
Fig.2  Design variables of transitional beam cross-section. 
Fig.3  Design variables of horizontal beam cross-section. 
The lower and upper limits of design variables 
are as follows 
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3 Introduction to IMOPSO 
The existing interactive algorithms used in en-
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gineering practices are too complex to be popular-
ized. Therefore, a new competent interactive multi- 
objective algorithm (IMOPSO) which is based on 
ideal point method and multi-objective particle 
swarm optimization (MOPSO) is proposed.  
The strategic process of constructing IMOPSO 
algorithm is:  
(1) When Pareto solutions are attained after n
generations of evolutionary opertations, radial basis 
function neural network[5] (RBFNN) is used to ap-
proximate the functional relation of objectives. The 
approximate function given by  
1 2 1 1( , , , , , , )k k k mf g f f f f f |             (2) 
Eq.(2) will quantitatively express the relations of 
these objectives. 
(2) Using Eq.(2), the decision-maker can expe-
diently determine preference with aspiration level. 
With continuous evolution the approximate relation 
function will be more and more accurate, and then 
the determination of preference will become in-
creasingly accurate.  
(3) The convergence of MOPSO is guided by 
PBESTS[i] and REP[h]. PBESTS[i] is the best posi-
tion that the particle i has had, and REP[h] is a 
value taken from the existing Pareto set. The excel-
lent capability of MOPSO has been validated by 
many researches[4]. In order to transform MOPSO 
into IMOPSO, the main change is that REP[h] will 
be a particle nearest to aspiration level. In this 
manner, IMOPSO will only search the region con-
cerned by decision-maker and quickly converge on 
the satisfactory solution. IMOPSO not only inherits 
the advantages of MOPSO, but has explicitly 
physical meaning.  
The basic thinking of IMOPSO are: ķ given 
the initial aspiration level 1f  and evolutionary gen-
erations n, when the decision-makers have no any 
referential, aspiration level, the 1f  can be 
randomly determined; ĸ Pareto solutions are at-
tained after n generations of evolutions, these Pareto 
solutions are used to build approximate relation 
function of objectives by RBFNN; Ĺ based on the 
approximate relation function, the decision is ad-
justed, the aspiration level 2f  and evolutionary 
generations m for the next iteration are determined; 
ĺ based on aspiration level 2f , another m genera-
tions of evolutions are performed. Following this 
rule until the algorithm converges on satisfactory 
design.  
The detailed procedures of IMOPSO are as 
follows[4,6]:
(1) Initialize the population of particles (POP) 
and the repository of Pareto solutions (REP). 
The objectives and constraints of each particle 
in POP are evaluated. The speed of each particle in 
POP and the best position PBEST[i] that the particle 
i has found are initialized.  
(2) Determine the initial aspiration level and 
necessary evolutional generations n. When the deci-
sion-makers have no any preference, the aspiration 
level can be randomly determined. 
(3) Guided by aspiration level, perform n gen-
erations of POP evolutions. 
ķ Update the POP. 
A. In objective function space, REP[h] is as-
signed as the particle nearest to the aspiration level. 
B. Compute the VEL[i] of each particle of 
POP with the following expression 
1 1
2 2
VEL[ ] VEL[ ] (PBEST[ ]
POP[ ]) (REP[ ] POP[ ])
i W i C R i
i C R h i
 u  u u 
 u u   (3) 
where W is inertia weight, R1 and R2 are random 
numbers, C1 and C2 are learning factors. 
C. Update each particle POP[i] and compute 
the objectives and constrains of each particle. 
POP[ ] POP[ ] VEL[ ]i i i         (4) 
ĸ Update the repository of Pareto solutions 
(REP).
Ĺ Update each PBEST[i].
(4) Judge termination condition. 
When the difference between aspiration level 
and solution is acceptable, the program is then ter-
minated. Otherwise the next step is performed. 
(5) Based on the Pareto solutions attained by 
above steps, the RBFNN is used to approximate the 
relation function of objectives. Then the deci-
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sion-maker adjusts the aspiration level and turns to 
(3).
There are some suggestions as follows: 
(1) Using little population size. 
(2) In order to quicken the convergence of 
IMOPSO, W and R1 are recommend to take smaller 
value and R2 is recommend to take larger value. 
4 Results of Optimization 
The mass of the initial pylon structure is 
233.23 kg, and the maximum displacement is 
10.153 mm. According to design requirements, the 
displacement objective f2 of the satisfactory design 
is within the range of [8,10], and the mass should be 
minimized. IMOPSO algorithm is used to search the 
satisfactory solution. The parameter of IMOPSO is 
selected as: the size of POP is 60, the maximum 
generation is 100, W = 0.1, R1 = 1.0, R2 = 4.0. The 
optimization process are: 
(1) The decision-maker sets the initial aspira-
tion level 1 (180,8.0)f  , and the evolutionary gen-
erations n = 5.  
(2) Guided by 1f , Pareto solutions are attained 
after 5 generations of evolutions. Then RBFNN is 
used to approximate the relation function of objec-
tives. The relation function 2 1( )f g f|  is shown in 
Fig.4. From Fig.4, it can be seen that in order to 
satisfy 2 [8,10]f   and minimize f1, the aspiration 
level 2f  should be taken as (198, 9.9) and n = 5. 
Fig.4  First approximation of relations among objectives.  
(3) Guided by 2f , Pareto solutions are attained 
after 5 generations of evolutions. Then RBFNN is 
used to approximate the relation function of objec-
tives. The relation function 2 1( )f g f|  is shown in 
Fig.5. From Fig.5, it can be seen that in order to 
satisfy 2 [8,10]f   and minimize f1, the aspiration 
level 3f  should be taken as (187, 9.9) and n = 5. 
Fig.5  Second approximation of relations among objectives. 
(4) Guided by 3f , Pareto solutions are attained 
after 5 generations of evolutions. Then RBFNN is 
used to approximate the relation function of objec-
tives. The relation function 2 1( )f g f|  is shown in 
Fig.6. From Fig.6, it can be seen that in order to 
satisfy 2 [8,10]f   and minimize f1, the aspiration 
level, 4f  should be taken as (182, 9.9) and n = 1. 
Fig.6  Third approximation of relations among objectives. 
(5) Guided by 4f , a Pareto solution X* = 
(181.91, 9.78) is attained after 1 generation of evo-
lution. The difference between aspiration level and
X* can be accepted, so the process is terminated. 
The process of adjusting aspiration level is 
shown in Table 1. 
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Table 1  The process of adjusting aspiration level 
Aspiration 
level 
n
The solution nearest 
to aspiration level 
The way to 
determine 
aspiration level 
(180, 8.0) 5 (179.45, 11.70) Randomly 
(198, 9.9) 5 (197.89, 9.62) Approximate function 
(187, 9.9) 1 (182.49, 9.76) Approximate function 
(182, 9.9) 1 (181.90, 9.78) Approximate function 
The above process shows that the IMOPSO 
only searches the region which is concerned by de-
cision-maker. For the pylon structure optimization, 
IMOPSO converges on a satisfactory solution X*
only after 12 generations of revolutions and 780 
times of finite element analyses. The mass of X* is 
181.90 kg and the maximum displacement is 9.78 
mm. Compared with initial design, the displacement 
of X* is less and the mass of X* is decreased for 
22%. The difference of residual strength for each 
component within X* is smaller, so X* is approach-
ing an equal strength design. 
Due to the pylon structure has special loading 
type, the engineers have no any referential experi-
ence to design it and often resulted in overweight. 
But the design variable space is quite wide (18-di- 
mension), it is possible to find an satisfactory solu-
tion with optimization algorithm. 
5 Conclusions 
(1) The optimization result of the pylon struc-
ture through using IMOPSO is excellent. Compared 
with initial design, the displacement of X* is less 
and the mass of X* is decreased for 22%. 
(2) IMOPSO is an efficient interactive multi- 
objective optimization algorithm. IMOPSO not only 
inherits the advantages of MOPSO, but has the fol-
lowing merits: 
ķ IMOPSO reduces redundant computing cost 
and shortens the optimization time, because it only 
searches the region concerned by decision-maker. 
For pylon structure optimization, after only 12 gen-
erations of evolutions the satisfactory solution is 
found.
ĸ RBFNN used by IMOPSO is very compe-
tent to approximate the relation function of objec-
tives.
Ĺ When the approximate relation function of 
objectives is attained, it is very simple to determine 
the proper preference with the aspiration level for 
the decision-maker. 
ĺ In IMOPSO, setting rational parameters is 
simple. So the algorithm can be more efficient and 
quickly converged on satisfactory solution. 
(3) IMOPSO is proposed for the optimization 
problem that has huge computing cost. In order to 
quickly attain satisfactory solution the accuracy of 
solution is brought down. IMOPSO may attain sat-
isfactory solution, but not strict Pareto solution. 
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